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Description 
ELECTRONIC MODULE ASSEMBLY 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates generally to the packaging 
and mounting of semiconductor devices in electronic cir- 
cuits, and in particular, to a method and apparatus for en- 
gaging a module to a heat sink by providing a compres- 
sive force that redistributes and controls the compression 
of ball or column grid array modules. 

[0003] 2. Description of Related Art 

[0004] Modern electronic modules include chip carriers, or sub- 
strates, onto which are mounted microchips and other cir- 
cuit components, and which in turn, are mounted on 
printed circuit boards. During normal operating condi- 
tions, heat or thermal energy is generated from these mi- 
crochips and other components. While some low power 
electronic components are able to dissipate heat gener- 
ated from standard working conditions directly into the 



ambient, most require assistance to dissipate generated 
heat. 

[0005] Heat sinks are often used to assist high power electronic 
components to absorb, channel away and dissipate the 
heat produced from such components during normal op- 
erating conditions. In so doing, thermal contact is re- 
quired between the heat sink and the heat generating 
component for the effective use of such heat sink. 

[0006] For example, the prior art illustrations of Figs. 1A and IB 
show a heat sink 10 coupled to an electronic module us- 
ing a thermally conductive material, such as a thermal 
paste (not shown). The electronic module includes a chip 
20 mounted on a chip carrier 30 and is connected to a 
printed wire board 50 via a solder interconnection array 
40, such as a solder ball grid array (BCA) or a solder col- 
umn grid array (CGA). During normal operations, the heat 
sink 10 assists in absorbing, channeling away and dissi- 
pating the heat produced from such electronic component 
via the thermally conductive connection there between. 

[0007] jo ensure and maintain the required heat transfer be- 
tween the heat sink and the die, securing devices, which 
may include screws, springs, spring loaded screws, clips, 
clamps, and the like, are typically positioned at four loca- 



tions such that they reside on an outside perimeter of the 
chip 20, chip carrier 30, and solder interconnection array 
40 as is shown in Figs. 1A and IB. 
[0008] Conventional techniques of securing the heat sink to the 
electronic component include positioning securing means, 
such as spring loaded screws 80, to a backside or under- 
side of printed circuit board 50 whereby the securing 
means traverse through the board and into the underside 
of heat sink 10 as shown in Fig. 1A. Alternatively, securing 
means, such as spring loaded screws 85, may be posi- 
tioned at a backside of the heat sink 10 and traverse 
there-through, into and through circuit board 50 and se- 
cured in position at the backside (underside) of the circuit 
board via bolts, as is shown in Fig. IB. Referring to Figs. 
1A and IB, the forces applied when tightening these con- 
ventional securing means 80, 85, whether the securing 
means be tightened from a backside of the heat sink or 
from a backside of the circuit board, result in a pressure 
between the heat sink and the die which ensures good 
heat transfer. 

[0009] However, these conventional backside forces 90 undesir- 
ably apply high compressive forces to the extremity area 
of the electronic circuit that surrounds chip 20, chip car- 



rier 30 and solder interconnection array 40 (BGA or CGA), 
and as such, are primarily applied to solder joints residing 
at an outside perimeter 42 of the solder interconnection 
array 40, as illustrated by the compression profileslOO on 
the solder interconnection array 40 in Figs. 1A and IB. 
These high compressive forces on solder joints residing at 
the outside perimeter 42 of the solder interconnection 40 
cause such solder joints to creep and thereby change their 
shape. 

[0010] As solder balls or solder columns of the interconnection 
array 40 change shape or flatten, due to these compres- 
sive forces 90, the long-term reliability of the solder joint 
undesirably deteriorates. This is particularly true for the 
outer solder joints. The deterioration of solder joints re- 
sults in reduced fatigue lifetime from thermal expansion 
mismatch among the various components. In extreme 
cases, creep flattening of the outer interconnections in the 
array 40 can result in shorting of adjacent interconnec- 
tions, which represents catastrophic failure of the module 
itself. The affects of interconnection array 40 shape 
change or flattening of peripheral solder joints is even 
more prevalent in thin boards, as such boards bend easily 
under the action of the conventional backside applied 



forces 90, which in turn, even further increases pressures 
applied to the peripheral solder joints. These increased 
pressures enhance the risk of creep and the ensuing flat- 
tening and deterioration in product lifetime. 

[0011] Accordingly, in order to avoid the problems of creep, flat- 
tening and deterioration in product lifetime, it is desirable 
to maintain the ball shape or column shape of the solder 
throughout solder interconnection array 40. This will en- 
able the individual interconnections to efficiently accom- 
modate strains generated from the thermal expansion 
mismatch between the chip carrier 30 and the circuit 
board 50 during normal working conditions. 

[0012] Thus, a need continues to exist in the art for improved 

methods and apparatus for providing thermal and physi- 
cal contact between a heat sink and chip, thereby enabling 
good heat transfer between the chip and heat sink, while 
minimizing bending of the circuit board. These methods 
and apparatus are preferably inexpensive, easy to assem- 
bly and/or disassemble for allowing reworkability or re- 
placement of damaged or inoperative chips, and allow for 
numerous electronic components to be mounted on the 

module or on the circuit board. 
Summary of Invention 



[0013] Bearing in mind the problems and deficiencies of the prior 
art, it is therefore an object of the present invention to 
provide a method and apparatus that engages a heat sink 
to a chip for providing physical and thermal contact be- 
tween such components and enable heat transfer from the 
chip to the heat sink during normal operating conditions. 

[0014] | t j S another object of the present invention to provide a 
method and apparatus that engages a heat sink to a chip 
that imposes minimal bending stress on the circuit board. 

[0015] a further object of the invention is to provide a method 
and apparatus that engages a heat sink to a chip that 
avoids solder creeping, distortion and/or flattening, and 
thereby, maintains the ball or column shape of a solder 
interconnection. 

[0016] stj|| another object of the present invention to provide a 
method and apparatus that engages a heat sink to an 
electronic module that is inexpensive while allowing for 
numerous electronic components to be mounted on the 
module and on the circuit board. 

[0017] Another object of the present invention to provide a 
method and apparatus for engaging a heat sink to an 
electronic module that is easy to assemble and disassem- 
ble for allowing reworkability or replacement of damaged 



and/or inoperative components. 
[0018] still other objects and advantages of the invention will in 
part be obvious and will in part be apparent from the 
specification. 

[0019] The above and other objects, which will be apparent to 
those skilled in art, are achieved in the present invention, 
which, is directed to in a first aspect a method for main- 
taining an interconnection grid array of an electronic 
module while engaging the electronic module to another 
structure. The method includes positioning a loading 
block at a backside of the electronic module, providing a 
spring having a plurality of securing means and position- 
ing this spring adjacent the loading block. A fastening 
means is then engaged within the spring, such that the 
fastening means is in alignment with the loading block, 
and then this fastening means is actuated. Upon actua- 
tion, pressures are applied to the loading block for forcing 
the loading block against the backside of the electronic 
module, in a location corresponding to a center of the in- 
terconnection grid array. Pressures are simultaneously ap- 
plied to the plurality of securing means for engaging the 
securing means into another structure for engaging the 
electronic module with such structure. 



[0020] | n the invention, the electronic module including a chip 
and a chip carrier is mounted on a circuit board, whereby 
the chip is in contact with the chip carrier while the inter- 
connection grid array is positioned between the chip car- 
rier and the circuit board. The loading block is then posi- 
tioned at the backside of the circuit board. The other 
structure to which the electronic component may be en- 
gaged with preferably includes a thermal component, 
such as a heat sink. 

[0021] | n t his aspect of the invention the loading block has a plu- 
rality of legs. These legs are directed toward the circuit 
board located at the backside of the electronic module, 
whereby each of these legs resides substantially equidis- 
tant to the center of the interconnection array. The plural- 
ity of legs may be either an even number, or an odd num- 
ber, positioned on the loading block symmetrically and 
equidistant with respect to each other. The loading block 
may be a rigid table having outwardly extending legs or a 
plate having centrally located upwardly extending protru- 
sions integrally formed therewith. The spring may be an 
x-spring. 

[0022] | n another aspect, the invention is directed to a method 
for maintaining an interconnection grid array of an elec- 



tronic module while engaging the electronic module to a 
heat sink. The method includes providing the electronic 
module having, in sequence from a backside thereof, a 
circuit board, the interconnection grid array, a chip carrier 
and a chip. A loading block having a plurality of legs is 
positioned at the backside of the circuit board in a loca- 
tion corresponding to a central area of the interconnection 
grid array. A spring having a central opening and a plural- 
ity of peripheral openings is then provided, and a plurality 
of securing means are engaged within the peripheral 
openings, while a fastening means is engaged within the 
central opening. The spring is positioned under the load- 
ing block such that the fastening means is centrally 
aligned with the loading block and the plurality of secur- 
ing means are aligned with and traverse through corre- 
sponding openings in the circuit board. 
[0023] Subsequently, pressure is simultaneously applied to both 
the loading block and the spring by actuating the fasten- 
ing means. In so doing, pressure on the loading block 
forces the plurality of legs of the loading block against the 
circuit board to generate central backside compressive 
forces directed at the central area of the interconnection 
grid array. Pressures on the spring are transferred to the 



plurality of securing means such that the securing means 
engage the heat sink for coupling the heat sink to the 
chip. The simultaneously pressures applied to both the 
loading block and the spring advantageously maintain the 
integrity of the interconnection grid array. 
[0024] | n t his aspect, each of the plurality of legs are in contact 
with the circuit board in locations that are substantially 
equidistant with respect to a center of the interconnection 
grid array. The interconnection grid array may comprise a 
solder interconnection array of a plurality of solder joints, 
each having original shapes, whereby these original 
shapes of the solder joints are substantially maintained in 
accordance with the invention. In the invention, only the 
fastening means and securing means directly contact the 
spring, while only the loading block contacts the circuit 
board. This is essential as any distortions to the circuit 
board are prevented in accordance with the invention. A 
cushioning material may be provided between selected 
legs of the plurality of legs for evenly distributing the 
central backside compressive forces across both the load- 
ing block and the interconnection grid array. Preferably, 
the plurality of legs of the loading block reside in an area 
having a perimeter equivalent to or smaller than perime- 



ters of both the chip and the interconnection grid array. 
[0025] | n y e t another aspect of the invention, a clamping assem- 
bly is provided for engaging an electronic module to an- 
other structure. This clamping assembly includes a load- 
ing block having a plurality of legs that is positioned to- 
ward a circuit board that is located at a backside of the 
electronic module. The clamping assembly is located in a 
location corresponding to a central area of an intercon- 
nection grid array. The assembly also includes a spring 
having a central opening and a plurality of peripheral 
openings equidistant from the central opening. The spring 
is adjacent the loading block and does not contact the 
electronic module. A plurality of securing means are en- 
gaged within the plurality of peripheral openings of the 
spring. A fastening means is engaged within the central 
opening of the spring such that it is centrally aligned with 
and in contact with the loading block. The assembly gen- 
erates central backside compressive forces that direct the 
loading block against the backside of the electronic mod- 
ule in a location corresponding to the central area of the 
interconnection grid array such that integrity of the inter- 
connection grid array is maintained, while the plurality of 
securing means engage the electronic module to the an- 



other structure. 
Brief Description of Drawings 



[0026] The features of the invention believed to be novel and the 
elements characteristic of the invention are set forth with 
particularity in the appended claims. The figures are for 
illustration purposes only and are not drawn to scale. The 
invention itself, however, both as to organization and 
method of operation, may best be understood by refer- 
ence to the detailed description which follows taken in 
conjunction with the accompanying drawings in which: 

[° 027 ] Fig. 1A is a cross sectional view of a prior art illustration 
of a heat sink engaged with an electronic module whereby 
pressure between the heat sink and the chip is applied by 
means of screws through the circuit board outside the 
perimeter of the module. 

[0028] pig. IB is a cross sectional view of another prior art illus- 
tration of a heat sink engaged with an electronic module 
whereby pressure between the heat sink and the chip is 
applied by means of posts from the back of the heat sink 
which are bolted to the circuit board. 

[0029] pig. 2A is a cross sectional view of an electronic module 
engaged with a heat sink in accordance with the invention 
whereby the force holding the assembly together is ap- 



plied in a manner that relocates the region of highest 
compression on the module via a loading block, such that, 
bending of the circuit board is avoided, and in turn, high 
compressive forces on peripheral solder interconnections 
which can deteriorate interconnection reliability are pre- 
vented. 

[0030] pig. 2B is a cross sectional view of another embodiment of 
the invention showing an electronic module engaged with 
a heat sink whereby the force holding the assembly to- 
gether is applied in a manner that relocates the region of 
highest compression on the module via the loading block 
of Fig. 2A, such that, bending of the circuit board is 
avoided, and in turn, high compressive forces on periph- 
eral solder interconnections which can deteriorate inter- 
connection reliability are prevented. 

[0031] pig. 3A is a perspective view of the loading block of Figs. 
2A and 2B which permits the force on the underside of the 
board to be directed at points on the board which are free 
of attached components. 

[0032] Fig. 3B is a bottom plan view of Fig. 2A showing the load- 
ing block of the invention positioned against the circuit 
board via a spring and fastening means. 

[0033] Fig. 4 is a cross sectional view of the invention showing 



the loading block as a loading block plate for relocating 

clamping forces on the circuit board in accordance with 

the invention. 
Detailed Description 

[0034] | n describing the preferred embodiment of the present in- 
vention, reference will be made herein to Figs. 1A-4 of the 
drawings in which like numerals refer to like features of 
the invention. 

[0035] Referring to Figs. 2A and 2B, an electronic module is 

shown that includes a chip 220 mounted on a substrate or 
chip carrier 230 by known mounting means, such as C4 
connections. The chip carrier is connected to a circuit 
board 250 via an array of solder interconnections 240, 
such as a ball grid array (BGA) or a solder column grid ar- 
ray (CGA). In accordance with the invention, the circuit 
board 250 may be a dense printed wire board having nu- 
merous electrical components thereon. During normal op- 
erating conditions, the chip generates heat, which may be 
absorbed, channeled away and dissipated by engaging or 
coupling a heat sink 210 to the backside of chip 220. The 
heat sink 210 may be thermally connected to the chip us- 
ing known thermal agents (not shown), such as a thermal 
paste. 



[0036] The present invention is directed to enhancing both the 
physical and thermal contact between the heat sink 210 
and the chip 220 of the electronic module. The invention 
provides methods and loading apparatus that easily, effi- 
ciently and cost effectively engage the printed circuit 
board 250 to the heat sink 210, while simultaneously 
minimizing pressures on the solder interconnection array 
240. The method and apparatus of the invention applying 
pressure between the chip and the heat sink, to enhance 
the heat transfer there between during normal working 
operations of the electronic module, while significantly 
reducing solder joint compressions by relocating the re- 
gion of highest compressions to a more structurally sta- 
ble, rigid area of the electronic module. The present 
methods and loading apparatus fixtures relocate the 
holding force on the circuit board from outside the inter- 
connection array (as shown in Figs. 1A and IB) to the 
middle of the solder interconnection array (as shown in 
Figs. 2A-4), while not increasing electronic package costs, 
nor adversely affecting package reworkability. 

[0037] | n the invention, the loading apparatus fixture includes a 
loading block 300 having legs 307, fastening means 280, 
spring 500 and a fastening means 550, such as a screw or 



a bolt. The spring 500 has a central opening for receiving 
fastening means 550. In accordance with the invention, 
when fastening means 550 is provided within the opening 
of spring 500, and actuated therein, e.g., screwed, ro- 
tated, tightened, etc., the fastening means 550 contacts 
and presses against the loading block 300 to generate 
forces on legs 307 of the loading block 300. These gener- 
ated forces on the loading block 300 and legs 307 thereof 
are transferred to the circuit board, and central backside 
clamping/compressive forces 290 are generated in a loca- 
tion corresponding to the middle of the interconnection 
array 240 thereby redistributing and controlling the com- 
pression profiles 600 (as compared to compression pro- 
files 100 of the prior art) on the interconnection grid array 
240, as shown in Figs. 2A-4. 
[0038] | n a preferred embodiment of the invention, the loading 
block 300 is composed of a top surface 303 adjacent the 
circuit board 250 and a bottom surface 304 adjacent the 
loading block 300. The bottom surface 304 may be sub- 
stantially planar, while the top surface 303 of the loading 
block includes a plurality of upwardly extending legs 307. 
Preferably, the loading block has at least three legs, more 
preferably four legs as shown in Fig. 3A, extending from 



the loading block 300 toward the circuit board 250, as 
shown in Figs. 2A and 2B. However, it should be appreci- 
ated that the loading block may have any number of sym- 
metrically located legs 307 for relieving pressure points 
along a planar surface of the module. 
[0039] The legs 307 of the loading block 300 may have a per 

post force ranging from about 5 pounds per post to about 
10 pounds per post such that the total clamping force of 
the loading block is dependent upon the number of legs 
307. For instance, wherein the loading block 300 has four 
legs 307, the total clamping force of the loading block 
may range from about 20 pounds per loading block to 
about 40 pounds per loading block. In the invention, it is 
desirable that the total clamping force of the loading 
block 300 be sufficiently high such that it prevents dam- 
age from occurring to the thermal interface from impact 
shock or vibration, such as total clamping forces ranging 
from about 20 to about 40 pounds per loading block 300. 
The number of legs 307 of the loading block 300 may 
also vary, being either an even number or odd number of 
legs 307. Whether there are an even number or odd num- 
ber of legs, the legs 307 are preferably symmetrically po- 
sitioned around the central fastening means 550 for 



equalizing the fraction of the clamping force transmitted 
by each leg to the circuit board 250. These locations are 
selected or predetermined such that they contact loca- 
tions on the circuit board 250 that do not contain any 
electrical features or components 700. 
[0040] As shown in Figs. 2A-3B, loading block 300 is depicted as 
a table having outwardly extending legs. However, the 
loading block 300 may have a variety of shapes and sizes 
including, but not limited to, square, rectangular, circular, 
oval, and the like. The loading block 300 may also be a 
substantially planar plate having centrally located up- 
wardly extending protrusions or legs 307, as shown in 
Fig. 4. Loading block 300 may comprise a material includ- 
ing, but not limited to stainless steel, aluminum or iron- 
nickel alloy, and may be formed by a variety of techniques 
such as machining, casting or coining. The legs 307 may 
be integrally formed with the loading block or they may be 
formed independent thereof, and attached to the base 
plate of the loading block using a known securing means, 
such as, screws, pins, bonding agents, and the like. For 
instance, referring to Fig. 4, wherein the loading block is a 
substantially planar plate, this plate and protrusions (i.e., 
legs 307) may be integrally formed with each other by 



known technique including, for example, coining, press- 
ing, machining, and the like. 

[0041] | n fabricating the loading block 300, it is preferred that 

the legs 307 be positioned equidistant from each other, at 
a sufficient distance, such that the compression fields 
generated by each leg 307 on the interconnection array 
240 do not overlap with each other, as is shown by com- 
pression fields 600 in Figs. 2A-B. Also, the distance be- 
tween each leg 307 on the loading block may ultimately 
be dependent upon x, y, z aerial dimensions of the inter- 
connection array 240, and/or upon x, y, z aerial dimen- 
sions and rigidity of the circuit board 250. Further, legs 
307 must have a sufficient length extending from the 
loading block 300 toward the circuit board such that the 
loading block 300 does not contact or interfere with any 
electrical features or components 700 components resid- 
ing on the bottom surface of the circuit board 250. 

[0042] a critical feature of loading block 300 is that the overall 
x-y planar area that legs 307 (Figs. 2A-3B) or protrusions 
(Fig. 4) cover on the block base plate 302 is preferably 
substantially equal in size to chip 220, or alternatively, 
smaller in size in comparison to the size of chip 220. 
However, as shown in Fig. 4, the base plate of the loading 



block may extend beyond the perimeters of both the chip 
and the circuit board. As such, upon positioning the load- 
ing block 300 at a backside of the circuit board 250, the 
loading block is aligned with and positioned in a location 
corresponding to a center location of the interconnection 
array 240, and preferably chip 220. In so doing, the pro- 
trusions or legs 307 of the loading block do not extend 
beyond the perimeters of either the interconnection array 
240 or chip 220, such that, the undesirable bending of 
circuit board 250 is prevented in accordance with the in- 
vention, as discussed in more detail below. 
[0043] Referring to Figs. 2A and 2B, once the loading block 300 
is provided, it is positioned under the electronic module, 
particularly at the backside of the circuit board, in a loca- 
tion that corresponds to a center area of the solder inter- 
connection array 240. It is preferred that the legs 307 of 
the loading block 300 be positioned such that they reside 
in locations that are substantially equidistant with respect 
to a center of the solder interconnection array 240. A 
spring 500 is provided to hold the loading block 300 in 
position against the backside of the circuit board 250, 
preferably in the location that is substantially under a 
central region of the solder interconnection array 240. In 



so doing, the loading block 300 resides between the cir- 
cuit board 250 and the spring 500. 

[0044] The spring 500 is engaged with the fastening means 550, 
i.e., screw or bolt, substantially at a central location of the 
spring 500, preferably via threads on the spring and/or 
the fastening means. In engaging the spring with the fas- 
tening means, the fastening means may be rotated or 
tightened such that it interlocks within the spring 500. As 
fastening means 550 is rotated or tightened, the fastening 
means applies pressure to the bottom surface 304 of the 
load block 300, such that, the load fixture is forced 
against the circuit board 250 and the region of highest 
compressions is relocated to the central region of the sol- 
der interconnection array 240. While fastening means 550 
is being tightened to force such fastening means against 
the load block, the spring 500 is simultaneously being 
stretched toward the circuit board such that forces are 
generated on securing means 280 (Fig. 2A) or securing 
means 285 (Fig. 2B). These forces applied to securing 
means 280 or 285 result in the securing means engaging 
the heat sink 210, and in effect, coupling the heat sink 
210 to the chip 220. 

[0045] | n accordance with the invention, an essential feature of 



spring 500 is that it is a dual functioning spring. That is, 
the spring is used to position and hold the loading block 
300 against the backside (underside) of the circuit board 
250. Additionally, spring 500 is simultaneously used to 
position and the hold securing means (e.g., screws 280, 
285) for engaging the electronic module to the heat sink 
210, as shown in Figs. 2A and 2B, and coupling the heat 
sink to the chip. The spring 500 may comprise any of a 
variety of different shaped springs capable of engaging 
fastening means 550. For instance, the spring 500 may 
comprise an x-spring, as depicted in Fig. 3B. A critical 
feature of the spring 500 is that it should be capable of 
positioning and holding in place both the fastening means 
550 against the loading block 300, and engaging securing 
means 280/285 to the heat sink 210 for providing the re- 
quired physical and thermal contact between the heat sink 
210 and the chip 220. In the invention, spring 500 is 
preferably sufficiently flexible such that several screw 
turns will be required to apply the desired clamping force, 
preferably in the range 20-40 pounds, to insure a precise 
load may be applied. 
[0046] | n attaching the heat sink 210 to the chip 220 in accor- 
dance with the invention, the spring 500 is positioned at 



the rear side (underside) of the circuit board 250. Both the 
heat sink 210 and the circuit board 250 are provided with 
openings therein corresponding to the number and type 
of securing means for receiving the same. This may be ac- 
complished by known techniques. The securing means 
traverse through the openings in the circuit board 250 
without contacting any portion of the top surface, bottom 
surface or internal surface area of the circuit board. 
[0047] The loading block 300 is positioned between the circuit 

board 250 and the spring 500 such that the loading block 
300 is in a location of the circuit board 250 that corre- 
sponds to the central area of the solder interconnection 
array 240. The fastening means 550 of the spring 500 is 
positioned under and centrally aligned to the loading 
block 300. The fastening means 550 directly contacts the 
bottom surface 304 of the loading block 300 such that 
the fastening means 550 is symmetrically aligned to and 
spaced apart from each of the legs 307 of the load fixture. 
This in effect allows for evenly distributing the pressure 
load across the load fixture and the central region of the 
solder interconnection array as shown by the non- 
overlapping compression profiles 600 of Figs. 2A and 2B. 
Wherein loading block 300 is a spring plate, as shown in 



Fig. 4, the securing means (280, 285) also traverse 
through openings in the spring plate for positioning such 
plate under the circuit board whereby the protrusions 
(legs 307) are located under the central region of the sol- 
der interconnection array 240. 
[0048] | n accordance with the invention, the heat sink 210 is 

coupled to the chip via spring 500. In so doing, upon en- 
gaging and securing, i.e., turning, rotating, tightening, 
and the like, the fastening means 550 within spring 500, 
pressure is applied to the loading block 300 such that the 
loading block is pressed against the backside of the cir- 
cuit board 250. Simultaneously, upon tightening the fas- 
tening means 550 within the spring 500, pressures are 
also applied to the spring 500 such that the spring is 
forced toward the backside of the circuit board without 
contacting the circuit board. These forces exerted on 
spring 500 are transferred to the securing means (280, 
285), which traverse through the openings in the circuit 
board. 

[0049] Referring to Figs. 2A, 2B and 4, the spring 500 positions 
the securing means (280, 285) at a desired or predeter- 
mined distance away from the circuit board 250 such that 
these securing means, as well as the spring itself, do not 



contact any portion or exposed surface of circuit board 
250. This advantageously avoids any bending or distortion 
of the circuit board 250 during the present process of en- 
gaging heat sink 210 to the chip. As a result of tightening 
the fastening means 550 within spring 500, the forces ex- 
erted on both the spring 500 and securing means (280, 
285) attached thereto effect the securing means (280, 
285) to engage into and be secured within the heat sink 
210, thereby connecting the electronic module to the heat 
sink, and coupling the heat sink to the chip. 
[0050] a critical feature is the only component of the invention 

that directly contacts the backside of the circuit board 250 
is the loading block 300; neither the spring 500, fastening 
means 550 nor the securing means (280, 285) contact any 
portion of the circuit board. Upon tightening the fastening 
means 550 within the spring 500, and engaging the se- 
curing means (280, 285) into the heat sink, the heat sink 
has a sufficient rigidity such that when the securing 
means (280, 285) are engaged therein, the heat sink does 
not bend or distort, and as such the underlying electronic 
module does not bend or distort. The only pressures, or 
forces, exerted upon the electronic module are from the 
backside of the chip. In particular, these pressures are 



generated from the loading block 300 being forced 
against the backside (underside) of circuit board 250 at 
the central region of the solder interconnection array 240 
via tightening of the fastening means 550. 

[0051] As depicted in Figs. 2A, 2B and 4, as the loading block 
300 is being pressed against the backside (underside) of 
circuit board 250, at the central region of the solder inter- 
connection array 240, central backside clamping forces 
290 are generated and directed toward the backside of 
the circuit board in a location corresponding to the central 
region of the solder interconnection array. In accordance 
with the invention, these central backside-clamping forces 
290 are responsible for relocating the region of highest 
compressions on the electronic module (circuit board) to a 
more structurally stable area of the electronic module 
(circuit board), particularly, to the central region of the 
solder interconnection array 240. 

[0052] As a result of the highest region compression being at the 
center of the solder interconnection array 240, peripheral 
solder joints 242 are protected such that any solder 
creeping and/or destruction thereof is avoided, as well as 
maintaining and protecting solder joints across the entire 
solder interconnection array 240. In so doing, a critical 



feature of the invention is that spring 500, and securing 
means 280, 285, are not in direct contact with the circuit 
board. Rather, the spring 500 communicates with the cir- 
cuit board only via the legs of the loading block 300. 

[0053] | n accordance with the invention, as the loading block 300 
may include a plurality of legs 307, and such loading 
block 300 directly contacts the backside of the circuit 
board, all of such legs 307, if exceeding three in number, 
may not make a planar, uniform, evenly distributed load 
contact with such corresponding regions across the plane 
of the circuit board. As such, a cushioning material may 
be optionally provided between the legs 307 of the load- 
ing block 300 and the surface of the circuit board 250 to 
which such legs 307 make contact. 

[0054] The cushioning material may include, but is not limited to, 
an elastomer or elastic material. However, any known ma- 
terial that sufficiently provides padding between two com- 
ponents of an electronic package may be used to provide 
a planar surface across the areas of contact between legs 
307 and circuit board 250 to evenly distribute the pres- 
sure load across the loading block 300, and hence, across 
the solder interconnection array 240 of the electronic 
module. This relocation of the region of highest compres- 



sion on the electronic module in accordance with the in- 
vention maintains an original shape of the solder joints 
across the solder interconnection array 240, and thereby 
maintains the electronic module integrity and reliability. 
[0055] For example, wherein heat sink 210 is to be coupled to 

chip 220 of electronic module (220, 230, 240, 250), load- 
ing block 300 may include four (4) legs 307 extending 
from a top surface 303 thereof. The solder interconnec- 
tion array 240 may be a 24 x 24 array of solder joints that 
are spaced about 1mm apart from each other in an or- 
thogonal direction. The loading block 300 (Fig. 2A-3A) 
may include an 8 mm x 8mm base plate 302 with the four 
(4) legs 307 extending there from, each having a length of 
about 2.5mm. In accordance with the invention, by cou- 
pling the heat sink 210 to the chip 220 using this loading 
block 300, the region of highest compressions (as com- 
pared to the conventional regions of compression in Figs. 
1A-B) is transferred to reside entirely within the perime- 
ters of both the chip 220 and the interconnection solder 
array 240, as depicted by central backside clamping 
forces 290. This results in a significant reduction in com- 
pression profile 600, as compared to the conventional 
compression profiles 100 of Figs. 1A-B, such as by a re- 



duction of about 64%. The compression profile reduction 
of the present invention in turn advantageously reduces 
the rate of solder creep by about twenty (20) fold, as 
compared to the prior art. 
[0056] Accordingly, the present invention provides for generated 
clamping forces at a backside of a circuit board, whereby 
these forces are substantially central to a solder intercon- 
nection array, for coupling a heat sink to a chip of an 
electronic module without damaging the heat sink, the 
electronic module or any region of the solder intercon- 
nection array. An essential feature of the invention is that 
the shapes of the solder joints, and in particular, those 
solder joints at the periphery of the interconnection array 
are maintained, thereby avoiding any solder creeping, dis- 
tortion and/or flattening of such solder joints. The meth- 
ods and clamping apparatus of the invention advanta- 
geously impose minimal bending stresses on the elec- 
tronic module, and in particular on the circuit board, such 
that the integrity, reliability and useful life of the elec- 
tronic module are extended. Another advantage of the 
present clamping apparatus is that it is easy to assemble 
and disassemble for allowing reworkability or replacement 
of damaged and/or inoperative components of the elec- 



tronic module. 

[0057] while the present invention has been particularly de- 
scribed, in conjunction with a specific preferred embodi- 
ment, it is evident that many alternatives, modifications 
and variations will be apparent to those skilled in the art 
in light of the foregoing description. It is therefore con- 
templated that the appended claims will embrace any such 
alternatives, modifications and variations as falling within 
the true scope and spirit of the present invention. 

[0058] what is claimed is: 



